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Nonsteroidal anti‐inflammatory drugs (NSAIDs) are widely used to treat acute and chronic pain.[1](#cmdc201500507-bib-0001){ref-type="ref"}, [2](#cmdc201500507-bib-0002){ref-type="ref"} NSAIDs exert their action by inhibiting COX, which converts arachidonic acid (AA) into prostanoids that act as physio‐pathological effectors.[3](#cmdc201500507-bib-0003){ref-type="ref"} COX exists in two isoforms, COX‐1 and COX‐2, and NSAIDs are classified into several classes, being either nonselective for COX‐1 and COX‐2 or selective for COX‐2.[4](#cmdc201500507-bib-0004){ref-type="ref"} Unfortunately, NSAID action is accompanied by a number of side effects, especially at the gastrointestinal level, where peptic ulceration and dyspepsia can limit their clinical use.[5](#cmdc201500507-bib-0005){ref-type="ref"} However, recent studies have indicated that the analgesic effect of NSAIDs is enhanced when administered in combination with drugs that inhibit FAAH.[6](#cmdc201500507-bib-0006){ref-type="ref"}, [7](#cmdc201500507-bib-0007){ref-type="ref"} FAAH is a serine hydrolase responsible for deactivating the bioactive lipid anandamide, which is the main endogenous neurotransmitter involved in the endocannabinoid‐mediated control of pain.[8](#cmdc201500507-bib-0008){ref-type="ref"}, [9](#cmdc201500507-bib-0009){ref-type="ref"}, [10](#cmdc201500507-bib-0010){ref-type="ref"} FAAH inhibition greatly decreases the frequency and severity of gastric side effects caused by COX inhibition. A multitarget‐directed drug discovery strategy[11](#cmdc201500507-bib-0011){ref-type="ref"} to simultaneously block FAAH and COX could thus generate new anti‐inflammatory therapeutics for the treatment of pain.[12](#cmdc201500507-bib-0012){ref-type="ref"}, [13](#cmdc201500507-bib-0013){ref-type="ref"}, [14](#cmdc201500507-bib-0014){ref-type="ref"}, [15](#cmdc201500507-bib-0015){ref-type="ref"}

Recently, some members of our group first disclosed, in a patent application,[15](#cmdc201500507-bib-0015){ref-type="ref"} a new class of systemically active agents that simultaneously inhibit FAAH, COX‐1, and COX‐2 with high potency and selectivity; ARN2508 was identified as the lead inhibitor (Figure [1](#cmdc201500507-fig-0001){ref-type="fig"}, compound **12** in Ref. [15](#cmdc201500507-bib-0015){ref-type="ref"}). ARN2508 shows high potency with an inhibitory concentration (IC~50~) of 0.031±0.002 μ[m]{.smallcaps} against rat FAAH, 0.012±0.002 μ[m]{.smallcaps} against COX‐1, and 0.43±0.025 μ[m]{.smallcaps} against COX‐2. ARN2508 has been proven to exert profound therapeutic effects in in vivo models of intestinal inflammation, without exhibiting the typical side effects of classical NSAIDs.[15](#cmdc201500507-bib-0015){ref-type="ref"}

![Design of multitarget inhibitors of FAAH and COX‐1/2. By merging the key pharmacophoric elements of carbamate‐based FAAH inhibitors (URB524, top left) and 2‐arylpropionic acid COX‐1/2 inhibitors (flurbiprofen, top right), we generated a hybrid scaffold (ARN2508) active on both FAAH and COX‐1/2.](CMDC-11-1252-g001){#cmdc201500507-fig-0001}

ARN2508 combines, in a single scaffold, the pharmacophoric elements that characterize two well‐known classes of inhibitors of FAAH and COX. It bears the pharmacophoric element needed for FAAH inhibition, i.e. a carbamate group also found in the potent FAAH inhibitor URB524.[16](#cmdc201500507-bib-0016){ref-type="ref"} It also bears a pharmacophoric group needed for COX inhibition, i.e. the 2‐arylpropionic acid also found in the COX inhibitor flurbiprofen (FLP; Figure [1](#cmdc201500507-fig-0001){ref-type="fig"}).[17](#cmdc201500507-bib-0017){ref-type="ref"} Carbamate‐based inhibitors covalently inhibit FAAH by binding at the catalytic serine (Ser241).[16](#cmdc201500507-bib-0016){ref-type="ref"} FLP tightly binds COX‐1/2 via its free carboxylate moiety, which establishes a network of polar interactions within the enzyme active site.[18](#cmdc201500507-bib-0018){ref-type="ref"}, [19](#cmdc201500507-bib-0019){ref-type="ref"} Accordingly, we hypothesize that ARN2508 covalently inhibits FAAH using the carbamate group, while blocking COX thanks to the carboxylate moiety. Notably, removing the carboxylate on ARN2508 results in the complete loss of activity toward both COX isoforms.[15](#cmdc201500507-bib-0015){ref-type="ref"}

FAAH catalyzes the hydrolysis of anandamide, generating AA, which is the substrate of COX. Both active sites are characterized by a long hydrophobic channel, which accommodates the long arachidonoyl chain of the substrates, and by a hydrophilic tip, which allows the polar head group of the substrate lipid to bind (Figure [2](#cmdc201500507-fig-0002){ref-type="fig"}). The binding pockets of the COX and FAAH active sites share structural similarities, as previously demonstrated with a comparative study.[14](#cmdc201500507-bib-0014){ref-type="ref"} This further rationalizes the activity of dual inhibitors such as ARN2508 (Figure [2](#cmdc201500507-fig-0002){ref-type="fig"}).[12](#cmdc201500507-bib-0012){ref-type="ref"}, [14](#cmdc201500507-bib-0014){ref-type="ref"}, [15](#cmdc201500507-bib-0015){ref-type="ref"}

![Active sites of A) FAAH (PDB code: 1MT5)[6](#cmdc201500507-bib-0006){ref-type="ref"} and B) COX‐2 (PDB code: 3PGH)[20](#cmdc201500507-bib-0020){ref-type="ref"} in complex with the substrate analogue methyl arachidonyl fluorophosphonate (MAFP) and with arachidonic acid (AA), respectively. The hydrophilic (light blue) and hydrophobic (orange) isocontour surfaces of the proteins are shown. The protein is shown as a transparent cyan tube. The ligand (yellow) and key protein residues (cyan) are shown as sticks. Adapted with permission from Ref. [14](#cmdc201500507-bib-0014){ref-type="ref"}. Copyright the American Chemical Society, 2012.[14](#cmdc201500507-bib-0014){ref-type="ref"}](CMDC-11-1252-g002){#cmdc201500507-fig-0002}

Here, we used molecular modeling and simulations to decipher the mechanism of binding of ARN2508 at the target level. This robust and informative approach has been applied to several other pharmaceutically relevant targets.[21](#cmdc201500507-bib-0021){ref-type="ref"} Importantly, the mechanism of FAAH covalent inhibition of carbamate‐based agents, such as ARN2508, has been widely studied during the last years by several independent groups,[8](#cmdc201500507-bib-0008){ref-type="ref"}, [9](#cmdc201500507-bib-0009){ref-type="ref"}, [10](#cmdc201500507-bib-0010){ref-type="ref"}, [22](#cmdc201500507-bib-0022){ref-type="ref"}, [23](#cmdc201500507-bib-0023){ref-type="ref"} while the mechanism of binding at the COX level of this compound class is less clear. Thus, in the present study, we first use molecular dynamics (MD) simulations and free energy calculations, to propose and analyze a plausible model for the binding of ARN2508 to COX, which represents the bottleneck for dual activity given the smaller size of the binding pocket of this enzyme, compared with FAAH.[1](#cmdc201500507-bib-0001){ref-type="ref"}, [2](#cmdc201500507-bib-0002){ref-type="ref"}, [3](#cmdc201500507-bib-0003){ref-type="ref"}, [6](#cmdc201500507-bib-0006){ref-type="ref"}, [7](#cmdc201500507-bib-0007){ref-type="ref"} We compared our MD‐based results to existing structural data, including the X‐ray crystal structures of COX in complex with the inhibitor FLP[19](#cmdc201500507-bib-0019){ref-type="ref"} and with AA,[4](#cmdc201500507-bib-0004){ref-type="ref"} which is the main substrate of COX. Our results suggested a possible noncovalent inhibition of COX, providing a rationale for the potency of ARN2508 with respect to FLP.[15](#cmdc201500507-bib-0015){ref-type="ref"} Then, we used molecular docking calculations to rationalize the binding of ARN2508 within the FAAH active site, confirming a possible covalent inhibition of the enzyme. This agrees well with the experimentally characterized mechanism of covalent FAAH inhibition by carbamate‐based inhibitors.[24](#cmdc201500507-bib-0024){ref-type="ref"}, [25](#cmdc201500507-bib-0025){ref-type="ref"}, [26](#cmdc201500507-bib-0026){ref-type="ref"}

In detail, we built three MD simulation systems of the COX‐1 protein in complex with either ARN2508 (i.e., COX‐1/ARN2508), the AA substrate (i.e. COX‐1/AA), or FLP (i.e. COX‐1/FLP). This was based on the X‐ray structure of sheep COX‐1 in complex with AA, solved at 3.0 Å resolution (PDB code: 1DIY).[4](#cmdc201500507-bib-0004){ref-type="ref"} Importantly, we considered the COX‐1 isoform, which is a bottleneck for COX inhibition because its active site architecture is narrower than that of COX‐2.[1](#cmdc201500507-bib-0001){ref-type="ref"} The initial binding poses of the ligands AA and FLP were derived from the available crystallographic data,[4](#cmdc201500507-bib-0004){ref-type="ref"}, [19](#cmdc201500507-bib-0019){ref-type="ref"} while ARN2508 was docked within the COX‐1 active site using Glide software[27](#cmdc201500507-bib-0027){ref-type="ref"} from the Schrödinger suite.[28](#cmdc201500507-bib-0028){ref-type="ref"} The initial binding pose of ARN2508 is based on the underlying assumption of a FLP‐like binding mode, which, again, is based on structural data. Full details on our model systems and simulation set‐ups are reported in the Supporting Information.

Simulations of ∼100 ns per system, with statistics collected over the two monomers, showed a stable protein framework, as determined by calculating the root mean square deviation (RMSD, Figure S1 A in the Supporting Information) for the protein heavy atoms with respect to the minimized X‐ray structure,[21](#cmdc201500507-bib-0021){ref-type="ref"} which lie below the crystal structure resolution. During the dynamics of the three investigated systems, the ligands adopted a stable bound configuration (Figure [3](#cmdc201500507-fig-0003){ref-type="fig"} B; see also, Figure S1 B in the Supporting Information), which confirmed a tight binding at the active site of COX‐1. In particular, in the COX‐1/AA system, the ligand stably maintained the conformation and orientation of the original crystallographic structure, assuming an extended L‐shape conformation with two kinks in the center.[4](#cmdc201500507-bib-0004){ref-type="ref"}

![A) X‐ray structure of COX‐1 in complex with arachidonic acid (AA) (PDB code: 1DIY).[4](#cmdc201500507-bib-0004){ref-type="ref"} COX‐1 comprises two monomers, represented by green (Mnr‐A) and cyan (Mnr‐B) ribbons. AA is shown with yellow sticks. B) Binding mode of AA, flurbiprofen (FLP), and putative binding pose of ARN2508 from our MD simulations of the COX‐1/AA, COX‐1/FLP, and COX‐1/ARN2508 systems. Key protein residues (cyan) and the ligands, AA (yellow), FLP (orange), and ARN2508 (magenta), are shown as sticks. The protein framework is shown as cyan ribbons.](CMDC-11-1252-g003){#cmdc201500507-fig-0003}

We further characterized the binding of the compounds over the production runs, looking at the statistical distribution of the direct interactions (H‐bonds and hydrophobic contacts) between each ligand (AA, FLP, and ARN2508) and the COX‐1 residues that are in close contact with the natural AA substrate in the 1DIY X‐ray crystal structure (Figure [4](#cmdc201500507-fig-0004){ref-type="fig"}).[4](#cmdc201500507-bib-0004){ref-type="ref"} The interaction network formed by the substrate AA in the X‐ray structure was used as a reference for analyzing the ligand binding during our MD simulations. In particular, we focused on those interactions that mainly characterize the AA bound pose into COX‐1, namely the carboxyl, C~2~--C~11~, C~12~--C~13~, and C~14~--C~20~ interactions (Figure [4](#cmdc201500507-fig-0004){ref-type="fig"}). Full details on the statistical analyses are reported in the Supporting Information.

![Statistical distribution (% of the total simulation time) over the whole production run of the H‐bonds (left) and the hydrophobic contacts (right) established by AA (top), FLP (middle), and ARN2508 (bottom) with the carboxyl (green bars), C~2~--C~11~ (blue bars), C~12~--C~13~ (red bars), and C~14~--C~20~ (violet bars) interaction regions of the COX‐1 active site. Interaction regions are defined based on the interaction network of the moieties of AA in the X‐ray structure (PDB code: 1DIY).[4](#cmdc201500507-bib-0004){ref-type="ref"} Importantly, statistics were collected as a sum of the data arising from both COX‐1 subunits of each equilibrated system. Full details on statistical analysis are reported in the Supporting Information.](CMDC-11-1252-g004){#cmdc201500507-fig-0004}

In the COX‐1/AA system, the AA carboxyl group forms a stable H‐bond network with Arg120 and Tyr355, which remains stable for 67.9 % and 37.0 % of the simulation time, respectively (first row/left column in Figure [4](#cmdc201500507-fig-0004){ref-type="fig"}). Key hydrophobic contacts that involve the AA arachidonoyl chain and the COX‐1 residues are also well maintained (first row/right column in Figure [4](#cmdc201500507-fig-0004){ref-type="fig"}). In detail, the C~2~--C~11~ chain of the AA substrate is in contact with Ile523, Leu352, Phe518, Trp387, and Val349. The C~12~--C~13~ moiety is in close proximity to Tyr385, which is likely the radical donor during COX catalysis, and the key Ser530, which is acetylated by aspirin for COX inhibition.[1](#cmdc201500507-bib-0001){ref-type="ref"}, [4](#cmdc201500507-bib-0004){ref-type="ref"}, [29](#cmdc201500507-bib-0029){ref-type="ref"} The C~14~--C~20~ chain establishes multiple hydrophobic interactions with Leu354, Phe205, Phe209, Phe381, and Val344. Overall, key interactions between AA and the COX‐1 active site, as found in the crystal structure of the COX‐1/AA complex,[4](#cmdc201500507-bib-0004){ref-type="ref"} are preserved throughout our simulations.

In the COX‐1/FLP system, FLP is stable, as in its crystallographic pose, throughout the entire trajectory (Figure [3](#cmdc201500507-fig-0003){ref-type="fig"} B).[19](#cmdc201500507-bib-0019){ref-type="ref"} The FLP carboxyl group stably H‐bonds Arg120 and Tyr355, with a high statistical abundance (79.6 % and 31.6 % of the simulation time, respectively; second row/left column in Figure [4](#cmdc201500507-fig-0004){ref-type="fig"}). This confirms a tight binding at the COX‐1 active site.[18](#cmdc201500507-bib-0018){ref-type="ref"}, [19](#cmdc201500507-bib-0019){ref-type="ref"} Hydrophobic interactions with the residues in the C~2~--C~11~ interaction region were also statistically relevant. Notably, thanks to the biphenyl moiety, FLP shows improved hydrophobic contacts with Val394, with respect to the AA substrate (40.8 % vs 25.4 %, respectively). At the level of the catalytic residue Tyr385 and the key residue Ser530, the interactions are statistically less frequent. As expected, hydrophobic contacts are unlikely within the C~14~--C~20~ interaction region.[4](#cmdc201500507-bib-0004){ref-type="ref"}

In the COX‐1/ARN2508 system, the carboxyl group of ARN2508 H‐bonds Tyr355 and Arg120, suggesting a binding mode similar to that of the 2‐arylpropionic acid class of COX inhibitors (Figure [3](#cmdc201500507-fig-0003){ref-type="fig"} B).[18](#cmdc201500507-bib-0018){ref-type="ref"}, [19](#cmdc201500507-bib-0019){ref-type="ref"} This H‐bond network remains intact throughout the dynamics, as also observed for the COX‐1/AA and COX‐1/FLP systems. A thorough comparison between the binding mode of FLP and ARN2508 (Figure [3](#cmdc201500507-fig-0003){ref-type="fig"} B) shows that their common biphenyl moiety occupies the same region within the COX‐1 active site, involving the C~2~--C~11~ interaction region. This binding mode is well maintained throughout the dynamics. The statistical distribution of the hydrophobic contacts shows a similar interaction pattern for FLP and ARN2508 in the C~2~--C~11~ interaction region (second and third rows/right column in Figure [4](#cmdc201500507-fig-0004){ref-type="fig"}). Moreover, the ARN2508 acyl chain establishes hydrophobic interactions with Phe205, Phe209, Val344, Phe381, and Leu354, occupying the C~14~--C~20~ interaction region. Here, the statistical distribution of the hydrophobic contacts shows a similar pattern to that of the AA substrate (right column in Figure [4](#cmdc201500507-fig-0004){ref-type="fig"}). These data explain the potency of ARN2508 at the target level. ARN2508 benefits from the presence of the key structural components of FLP (a biphenyl moiety enhancing van der Waals contacts within the C~2~--C~11~ interaction region) as well as an arachidonoyl tail, which improves the hydrophobic interactions within the enzymatic cavity (within the C~12~--C~13~ and the C~14~--C~20~ interaction regions). Notably, structure--activity relationship (SAR) studies---recently reported in a patent application[15](#cmdc201500507-bib-0015){ref-type="ref"}---confirm the essential role of the terminal arachidonoyl moiety in ARN2508. Indeed, among 20 newly synthetized compounds sharing a hybrid scaffold active on FAAH and COX (Figure [1](#cmdc201500507-fig-0001){ref-type="fig"}), the activity against the two enzymes decreases by substituting the terminal arachidonoyl chain with aliphatic/aromatic rings or longer acyl chains, likely because of steric hindrance, as suggested by our model. Thus, these extensive SAR studies agree with the mechanistic hypotheses and binding models proposed here.

During the dynamics, the ARN2508 carbamate group remains in close contact with Ser530, which is the key residue acetylated by aspirin for COX inhibition (Figure [3](#cmdc201500507-fig-0003){ref-type="fig"} B). To gain further insights into the possible mechanism of COX inhibition and to clarify whether the key Ser530 could act as a nucleophilic agent on the ARN2508 carbonyl, we monitored geometrical descriptors to analyze the formation of pre‐catalytic states to favor such a nucleophilic attack (Figure [5](#cmdc201500507-fig-0005){ref-type="fig"}). In detail, we considered the so‐called "Bürgi--Dunitz trajectory" for the nucleophilic attack. According to this, the nucleophilic attack is likely to happen only when the distance (*d* ~nu~) between the ARN2508 carbonyl carbon and the oxygen of Ser530 (C\@ARN2508--O\@Ser530) is lower than 3.4 Å and, concomitantly, when the attacking angle formed by the nucleophilic species (O\@Ser530) and the ARN2508 carbonyl plane (*θ* ~nu~) is within 110° ±20°.[30](#cmdc201500507-bib-0030){ref-type="ref"}

![Time evolution, over the molecular dynamics (MD) production run of the COX‐1/ARN2508 system, of the distance (*d* ~nu~, top graphs) and angle (*θ* ~nu~, bottom graphs) for the nucleophilic attack between the Ser 530 nucleophile (O\@Ser530) and the ARN2508 electrophile (C\@ARN2508). Data are reported for both COX‐1 monomers Mnr‐A (left graphs) and Mnr‐B (right graphs). *d* ~nu~ and *θ* ~nu~ define the so‐called "Bürgi--Dunitz trajectory" for the nucleophilic attack, which is schematically represented on the left. Cut‐off ranges for *d* ~nu~ and *θ* ~nu~ favoring the nucleophilic attack are highlighted with a violet bar.](CMDC-11-1252-g005){#cmdc201500507-fig-0005}

The configurations respecting the abovementioned requirements are classified as "catalytically significant conformations" and can be properly correlated to the formation of pre‐reactive states of the system with the propensity to react. This approach has been successfully employed for clarifying the covalent binding propensity of FAAH inhibitors.[8](#cmdc201500507-bib-0008){ref-type="ref"}, [10](#cmdc201500507-bib-0010){ref-type="ref"} We note that these structural parameters only relate to the propensity of ARN2508 to undergo nucleophilic attack given the proper relative orientation of the ligand with respect to the nucleophilic Ser530 in the binding pocket of COX‐1. We cannot correlate the propensity of ARN2508 to undergo nucleophilic attack with the enzymatic barrier for this reaction.[8](#cmdc201500507-bib-0008){ref-type="ref"}, [9](#cmdc201500507-bib-0009){ref-type="ref"} As shown in Figure [5](#cmdc201500507-fig-0005){ref-type="fig"}, the *d* ~nu~ distance and the *θ* ~nu~ angle for the nucleophilic attack are out of range, suggesting that a covalent mechanism for COX inhibition is unlikely. Inversely, Ser530 stably H‐bonds to the ARN2508 carbonyl oxygen, further stabilizing the noncovalent COX‐1/ARN2508 complex (third row/left column in Figure [4](#cmdc201500507-fig-0004){ref-type="fig"}).[15](#cmdc201500507-bib-0015){ref-type="ref"}

Using numerous structural snapshots from our MD simulations (see the Supporting Information), binding free energies (Δ*G* ~Bind~) for AA, FLP, and ARN2508 in complex with the COX‐1 protein were estimated using the molecular mechanics/generalized Born--Poisson--Boltzmann surface area (MM/GB‐PBSA) method (Figure [6](#cmdc201500507-fig-0006){ref-type="fig"}).[31](#cmdc201500507-bib-0031){ref-type="ref"} As expected, the AA substrate shows a remarkable binding affinity for the COX‐1 protein, given a calculated free energy of binding (Δ*G* ~Bind~‐PB) of −91.2±1.1 kcal mol^−1^. Interestingly, a comparable Δ*G* ~Bind~‐PB value of −102.8±0.8 kcal mol^−1^ was found for ARN2508, whereas a lower Δ*G* ~Bind~‐PB value was found for FLP (Δ*G* ~Bind~‐PB=−72.6±0.7 kcal mol^−1^).

![Schematic representation of a thermodynamic cycle for calculating the binding free energy (Δ*G* ~Bind~) for a protein--ligand complex (shown for the COX‐1/ARN2508 system). Full details on deriving the Δ*G* ~Bind~ are in the Supporting Information. The solvated systems are shown in blue boxes, while systems in the gas phase are in gray boxes. The table reports the calculated Δ*G* ~Bind~ values following the molecular mechanics/Poisson Boltzmann (MM/PB) formalisms; the MM/GB‐PBSA method was used implemented in the Amber 12 package.[31](#cmdc201500507-bib-0031){ref-type="ref"}](CMDC-11-1252-g006){#cmdc201500507-fig-0006}

Although only qualitative, these Δ*G* ~Bind~‐PB values confirm the high affinity of the hybrid ARN2508 for the COX‐1 active site. Moreover, the Δ*G* ~Bind~‐PB value for ARN2508 is higher than the Δ*G* ~Bind~‐PB value for the endogenous AA substrate (by ∼12 kcal mol^−1^). This reflects how the biphenyl moiety in ARN2508 enhances the stability of the compound within the COX‐1 active site, by improving the van der Waals interactions (Figure [4](#cmdc201500507-fig-0004){ref-type="fig"}). This energetic analysis further justifies the potency of ARN2508 as a COX‐1 inhibitor.[15](#cmdc201500507-bib-0015){ref-type="ref"}

As previously introduced, the binding of ARN2508 at the FAAH active site was here investigated via molecular docking calculations. Again, this is due to the fact that the covalent mechanism of carbamate‐based inhibitors, such as ARN2508, to block FAAH has been largely explained already.[8](#cmdc201500507-bib-0008){ref-type="ref"}, [9](#cmdc201500507-bib-0009){ref-type="ref"}, [10](#cmdc201500507-bib-0010){ref-type="ref"}, [22](#cmdc201500507-bib-0022){ref-type="ref"}, [23](#cmdc201500507-bib-0023){ref-type="ref"} Toward this aim, as a target structure, we used the rat FAAH X‐ray crystal structure solved at 2.8 Å resolution (PDB code: 1MT5).[6](#cmdc201500507-bib-0006){ref-type="ref"} This X‐ray structure was used in previous docking studies on dual FAAH/COX inhibitors as well.[14](#cmdc201500507-bib-0014){ref-type="ref"} To date, the human FAAH enzyme has not been crystallized, and only a "humanized" structure of the rat FAAH, in which six amino acids were mutated into those found in the human FAAH (namely, L192F, F194Y, A377T, S435N, I491V, and V495M), is available (PDB code: 2VYA).[25](#cmdc201500507-bib-0025){ref-type="ref"} In this respect, a recent comparative study, based on microsecond time scale MD simulations of the rat and "humanized" variants of FAAH, has shown that the mechanism of ligand binding is not likely affected by those six point mutations.[10](#cmdc201500507-bib-0010){ref-type="ref"}

Thus, we report here the binding of ARN2508 to FAAH, as calculated from docking, which returned favorable interaction energy and docking score (−68 kcal mol^−1^). This plausible binding pose of ARN2508 within the FAAH binding site suggests a common covalent mechanism for inhibition as for other carbamate‐based FAAH inhibitors.[16](#cmdc201500507-bib-0016){ref-type="ref"} In fact, in this configuration (Figure [7](#cmdc201500507-fig-0007){ref-type="fig"}), the 2‐arylpropionic acid moiety of ARN2508 occupies the long hydrophobic channel of the FAAH catalytic site and establishes van der Waals interactions with Leu192, Leu380, Val270, and Ile238, while the terminal propionic acid H‐bonds Gln273. The carbamate functional group is the key pharmacophoric element needed for FAAH inhibition.[24](#cmdc201500507-bib-0024){ref-type="ref"}, [25](#cmdc201500507-bib-0025){ref-type="ref"}, [26](#cmdc201500507-bib-0026){ref-type="ref"} Upon binding, it moves close to the catalytic Ser241, ready to undergo nucleophilic attack (Ser241, Ser217, and Lys142).[9](#cmdc201500507-bib-0009){ref-type="ref"}, [32](#cmdc201500507-bib-0032){ref-type="ref"} The ARN2508 carbonyl oxygen points toward the FAAH oxyanion hole (comprising Ile238, Gly239, and Gly240), which draws electron density away from the substrate′s carbonyl, favoring substrate hydrolysis.[9](#cmdc201500507-bib-0009){ref-type="ref"}, [22](#cmdc201500507-bib-0022){ref-type="ref"}, [32](#cmdc201500507-bib-0032){ref-type="ref"} Remarkably, the obtained configuration of the carbamate functionality resembles the binding mode of the crystallized carbamate‐based FAAH inhibitors, which inhibit FAAH by covalently binding the catalytic Ser241.[24](#cmdc201500507-bib-0024){ref-type="ref"}, [26](#cmdc201500507-bib-0026){ref-type="ref"} Taken together, these data suggest that ARN2508 blocks FAAH through covalent inhibition.

![Putative binding mode of ARN2508 within the rat FAAH active site (PDB code: 1MT5),[6](#cmdc201500507-bib-0006){ref-type="ref"} according to molecular docking calculations. The protein is shown as transparent ribbons, highlighting the oxyanion hole in blue. Key protein residues (cyan) and ARN2508 (magenta) are shown as sticks.](CMDC-11-1252-g007){#cmdc201500507-fig-0007}

In summary, our study proposes an atomically detailed mechanism for dual FAAH/COX inhibition by the hybrid dual inhibitor ARN2508.[15](#cmdc201500507-bib-0015){ref-type="ref"} We propose that ARN2508 noncovalently inhibits COX, while blocking FAAH via the acetylation of the catalytic Ser241, in agreement with the experimentally characterized mechanism of FAAH inhibition by several other carbamate‐based compounds.[24](#cmdc201500507-bib-0024){ref-type="ref"}, [25](#cmdc201500507-bib-0025){ref-type="ref"}, [26](#cmdc201500507-bib-0026){ref-type="ref"} This mechanism of dual FAAH/COX inhibition merits further experimental validation, which could aid the development of novel anti‐inflammatory agents that simultaneously act on FAAH and COXs enzymes to treat pain and other inflammatory diseases.
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